Abstract Fusarium oxysporum is the most economically important and commonly encountered species of Fusa rium. This soil-borne fungus is known to harbour both pathogenic (plant, animal and human) and non-pathogenic strains. However, in its current concept F. oxysporum is a species complex consisting of numerous cryptic species. Identification and naming these cryptic species is complicated by multiple subspecific classification systems and the lack of living ex-type material to serve as basic reference point for phylogenetic inference. Therefore, to advance and stabilise the taxonomic position of F. oxysporum as a species and allow naming of the multiple cryptic species recognised in this species complex, an epitype is designated for F. oxysporum. Using multi-locus phylogenetic inference and subtle morphological differences with the newly established epitype of F. oxysporum as reference point, 15 cryptic taxa are resolved in this study and described as species.
INTRODUCTION
Fusarium oxysporum is the most economically important and commonly encountered species of Fusarium. This soil-borne asexual fungus is known to harbour both pathogenic (plant, animal and human) and non-pathogenic strains (Leslie & Summerell 2006) and is also ranked fifth on a list of top 10 fungal pathogens based on scientific and economic importance (Dean et al. 2012 . Historically, F. oxysporum has been defined by the asexual phenotype as no sexual morph has yet been discovered, even though several studies have indicated the possible presence of a cryptic sexual cycle , Yun et al. 2000 , Aoki et al. 2014 , Gordon 2017 . This is further supported by phylogenetic studies that place F. oxysporum within the Gibberella Clade (Baayen et al. 2000 , O'Donnell et al. 2009 . These studies also showed that F. oxysporum displays a complicated phylogenetic substructure, indicative of multiple cryptic species within F. oxysporum (Gordon & Martyn 1997 , Laurence et al. 2014 . As with other Fusarium species complexes, the F. oxysporum species complex (FOSC) has suffered from multiple taxonomic/classification systems applied in the past. Diederich F.L. von Schlechtendal first introduced F. oxysporum in 1824, isolated from a rotten potato tuber (Solanum tubero sum) collected in Berlin, Germany. Wollenweber (1913) placed F. oxysporum within the section Elegans along with eight other Fusarium species and numerous varieties and forms based on similarity of the micro-and macroconidial morphology and dimensions. Snyder & Hansen (1940) later consolidated and reduced all species within the section Elegans into F. oxysporum and designated 25 special forms (formae speciales) within this species. These special forms were further expanded on by Gordon (1965) to 66, most of which are still used in literature today.
The use of special forms or formae speciales as subspecific rank in F. oxysporum classification has become common practice due to the broad morphological delineation of this species (Leslie & Summerell 2006) . This informal subspecific rank is defined based on the plant pathogenicity of the particular F. oxy sporum strain and excludes both clinical and non-pathogenic strains (Armstrong & Armstrong 1981 , Gordon & Martyn 1997 , Kistler 1997 , Baayen et al. 2000 , Leslie & Summerell 2006 . Therefore, F. oxysporum strains attacking the same plant host are generally considered to belong to the same special form. Although this homologous trait has led to erroneous assumptions considering a specific special form to be phylogenetically monophyletic, several studies (O'Donnell et al. 1998 , 2004 , O'Donnell & Cigelnik 1999 , Baayen et al. 2000 , Lievens et al. 2009b , Van Dam et al. 2016 ) have highlighted the paraand polyphyletic relationships within several F. oxysporum special forms, e.g., F. oxysporum f. sp. batatas, F. oxysporum f. sp. cubense and F. oxysporum f. sp. vasinfectum. Additionally, several F. oxysporum special forms are able to infect and cause disease in more than one (sometimes unrelated) plant hosts, whereas others are highly specialised to a specific plant host (Armstrong & Armstrong 1981 , Gordon & Martyn 1997 , Kistler 1997 , Baayen et al. 2000 , Leslie & Summerell 2006 , Fourie et al. 2011 ).
Naming F. oxysporum special forms are not subject to the International Code of Nomenclature for algae, fungi, and plants ( ICN; McNeill et al. 2012 , Thurland et al. 2018 , and therefore no diagnosis (in Latin and/or English), nor the deposit of type material in a recognised repository is required. This decision was made due to the difficulty in accepting special forms within the Code, even though these strains are of great importance to plant pathologists and breeders (Deighton et al. 1962 , Gordon 1965 , Armstrong & Armstrong 1981 . Several studies on F. oxysporum indicate that between 70 to over 150 special forms are known in F. oxysporum (Booth 1971 , Armstrong & Armstrong 1981 , Kistler 1997 , Baayen et al. 2000 , Leslie & Summerell 2006 , O'Donnell et al. 2009 , Fourie et al. 2011 , Laurence et al. 2014 , Gordon 2017 . At present Index Fungorum (http://www.indexfungorum.org/) lists 124 special forms in F. oxysporum, whereas MycoBank (http://www.mycobank.org/) list 127 special forms. Further careful scrutiny of literature revealed that 144 special forms have been named until February 2018 (Table 1) . Although the special forms concept of Snyder & Hansen (1940) is still applied today, additional subspecific classification systems for special forms of F. oxysporum have also been introduced, which include haplotypes, races and vegetative compatibility groups (VCGs).
The haplotype subspecific classification system was introduced by Chang et al. (2006) and later expanded upon by O'Donnell et al. (2008 O'Donnell et al. ( , 2009 ) to include strains from both the FOSC and Neocosmospora (formerly the F. solani (FSSC) species complex). This classification system is based on unique multilocus genotypes within the species complex, aimed to resolve communication problems among public health and agricultural scientists (O'Donnell et al. 2008) . Chang et al. (2006) proposed a standardised haplotype nomenclature system that depict the species complex, species and genotype. O'Donnell et al. (2009) was able to identify 256 unique two-locus haplotypes from 850 isolates representing 68 special forms of F. oxysporum as well as environmental and clinical strains. However, this classification system is not in common use as a reference, and a continuously updated database is required.
One of the most important subspecific ranks applied to special forms of F. oxysporum are physiological pathotypes or races. This classification system is of great importance to plant breeders, especially for resistance breeding. Traditionally, race demarcation is based on cultivar specificity linked to specific resistance genes of the plant host cultivar (Armstrong & Armstrong 1981 , Kistler 1997 , Baayen et al. 2000 , Roebroeck 2000 , Fourie et al. 2011 , Epstein et al. 2017 . However, race designation has been inconsistent in the past (Gerlagh & Blok 1988 , Correll 1991 , Kistler 1997 , Fourie et al. 2011 ) with several different nomenclatural systems being applied (Gabe 1975 , Risser et al. 1976 , Armstrong & Armstrong 1981 to further cause confusion (Kistler 1997) . With advances in molecular technology, identification of races has been simplified using sequence-characterised amplified region (SCAR) primers , Epstein et al. 2017 . However, time consuming and laborious pathogenicity tests are still needed to identify new emerging races and to test whether newly developed plant cultivars are resistant to known races (Epstein et al. 2017 ).
The use of vegetative compatibility (also known as heterokaryon compatibility) has formed an integral part of subspecific classification of F. oxysporum special forms and non-pathogenic strains. Formation of a stable heterokaryon between two auxotrophic nutritional mutants is regulated by several vic or het incompatibility loci (Correll 1991 , Leslie 1993 indicating that the strains are homogenic at these loci (Correll 1991) and considered to be part of the same VCG. Therefore, classification using vegetative compatibility is based on genetic similarity at specific loci and not pathogenicity, providing a crude marker for population genetic studies (Correll 1991 , Gordon & Martyn 1997 , Leslie 1993 , Leslie & Summerell 2006 . Puhalla (1985) , utilizing nit mutants, was the first to identify VCGs in F. oxyspo rum and characterised 16 VCGs in a collection of 21 F. oxyspo rum strains. The numbering system applied by Puhalla (1985) , which is still used today, consists of a three-digit numerical code indicating the special form followed by digit(s) indicating the VCG (Katan 1999 , Katan & Di Primo 1999 . Conventional VCG characterisation is a relatively objective, time consuming and laborious assay only indicating genetic similarity and not genetic difference (Kistler 1997) . Therefore, several PCR-based detection methods have been developed to identify economically important VCGs as diagnostic tool (Fernandez et al. 1998 , Pasquali et al. 2004a , c, Lievens et al. 2008 ), e.g., F. oxysporum f. sp. cubense TR4 VCG01213 (Dita et al. 2010 ).
Until recently, limited knowledge on the genetic premise for host specificity in F. oxysporum was available (Gordon & Martyn 1997 , Kistler 1997 , Baayen et al. 2000 . However, the discovery of a lineage-specific chromosome (or transposable/effector/ accessory chromosome) in F. oxysporum f. sp. lycopersici by Ma et al. (2010) , in which the host specific virulence genes lie (Van der Does et al. 2008 , Takken & Rep 2010 , has provided a new view into the evolution of pathogenicity in F. oxysporum. In vitro transfer of these accessory chromosomes into non-pathogenic F. oxysporum strains has converted the latter strains into host-specific pathogens, providing evidence that host-specific pathogenicity could be acquired through horizontal transfer of accessory chromosomes (Takken & Rep 2010 , Van Dam et al. 2016 . Therefore, the special form name can be linked to the accessory chromosome whereas race demarcation can be linked to the specific virulence genes carried on these accessory chromosomes.
The genetic and functional mechanisms of the infection process in plants of various special forms of F. oxysporum has been well documented (Di Pietro et al. 2003 , Upasani et al. 2016 , Gordon 2017 . However, these same mechanisms are still poorly understood in human and animal infections (O'Donnell et al. 2004 , Guarro 2013 , Van Diepeningen et al. 2015 . Fusarium oxysporum has been linked to fungal keratitis (Hemo et al. 1989 , Chang et al. 2006 ) and dermatitis (Guarro & Gene 1995 , Romano et al. 1998 , Ninet et al. 2005 , Cutuli et al. 2015 , Van Diepeningen et al. 2015 , and has been isolated from contaminated hospital water systems (Steinberg et al. 2015 ) and medical equipment (Barton et al. 2016 , Carlesse et al. 2017 ) posing a serious threat to immunocompromised patients. Several recent reports also indicate that F. oxysporum is able to infect immunocompetent patients (Jiang et al. 2016 , Khetan et al. 2018 . In general, fusariosis is difficult to treat as Fusarium species display a remarkable resistance to antifungal agents (Guarro 2013 , AlHatmi et al. 2018 . However, some antimycotics are known to be effective against F. oxysporum related fusariosis (Al-Hatmi et al. 2018) . Recently, both mycotoxins beauvericin and fusaric acid, produced by F. oxysporum strains that can infect tomato, have been shown to be important virulence determinants to infect immunosuppressed mice (López-Berges et al. 2013 , López-Díaz et al. 2018 ).
Strains of F. oxysporum are known to produce a cocktail of polyketide secondary metabolites, some with unknown function and toxicities (Marasas et al. 1984 , Mirocha et al. 1989 , Bell et al. 2003 , Desjardins 2006 , Manici et al. 2017 . Some of the better-known toxins produced by F. oxysporum include beauvericin (Marasas et al. 1984 , Logrieco et al. 1998 , López-Berges et al. 2013 , fusaric acid (Marasas et al. 1984 , López-Díaz et al. 2018 ) and fumonisins (Rheeder et al. 2002) to name a few. Mycotoxicological studies on F. oxysporum has thus far only focused on a strain to strain basis and therefore no link has yet been established between special form and/or race and mycotoxin production capabilities.
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Raabe 1985b
Gordon 1965, Armstrong & Armstrong 1968 , 1981 , Booth 1971 heliconiae Waite 1963 (see Ploetz 2006 Summerell et al. 2010 Fujinaga et al. 2001 , 2003 , Katan Fujinaga et al. 2005 , 2014 , Shimazu et al. 2005 , Hubbard & Gerik 1993 2014 , Yamauchi et al. 2001 , 2004 , Ogiso et al. 2002 , Mbofung et al. 2007 , Pasquali et al. 2007 , Ogiso et al. 2002 , Shimazu et al. Yamauchi et al. 2004 , Hirano & Arie 2009 , O'Donnell 2005 , Pasquali et al. 2007 , Pasquali et al. 2005 , Lin et al. 2010 , 2014 , Mbofung & Pryor Lin et al. 2014 Pintore et al. 2017 , Poli et al. 2012 , Mirtalebi & Banihashemi 2014 , Bertoldo et al. 2015 Belabid et al. 2004 , O'Donnell et al. 2009 , Taheri et Vasudeva & Sriniv., Indian Phytopathol. strong 1968 , 1981 , Booth 1971 , Datta et al. 2011 , Mohammadi et al. 2011 , 5: 28. 1953 Summerell Baayen et al. 1998 , 2000 , Kim et al. 2001 , Skovgaard strong 1968 , 1981 , Booth 1971 , Kistler et al. 2001 , Wang et al. 2001 , O'Donnell et al. 2009 , 1981 , Katan 1999 , Lin et al. 2010 , Baysal et al. 2013 Kistler et al. 1998 , Katan Bogale et al. 2007 , O'Donnell et al. 2009 1965 , Armstrong & Armstrong 1968 , Rataj-Guranowska et al. 1984 , Katan & Di Primo 1981 , Booth 1971 , Summerell 1999 lycopersici
Wollenweber 1913
Fusarium oxysporum subsp. lycopersici Snyder & Hansen 1940 , Gordon Alexander & Tucker 1945 , Gerdemann Puhalla 1985 , Correll et al. Elias & Schneider 1992 Elias et al. 1993 , Crowhurst Sacc., Syll. Fung. 4: 705. 1886 1965 , Armstrong & Armstrong 1968 , & Finley 1951 , Gabe 1975 , Elias & 1987 , Hadar et al. 1989 , Marlatt et al. 1996 , Mes et al. 1998 , Fusarium lycopersici Bruschi, Rc. 1981 , Booth 1971 , Summerell Schneider 1992 , Elias et al. 1993 , Molnár et al. 1990 , Correll Gherbawy 1999 , Kim et al. 2001 , Bao et al. 2002 , Cai Accad. Naz. Lincei: 298. 1912 Marlatt et al. 1996 , Mes et al. 1998 , 1991 , Elias & Schneider et al. 2003 , Hirano & Arie 2006 Fusarium lycopersici (Sacc.) Wollenw., Cai et al. 2003 , Hirano & Arie 2006 , 1991 , Marlatt et al. 2007 , Mbofung et al. 2007 , Lievens et al. 2009a , b, Phytopathology 3 (1): 29. 1913 Lievens et al. 2009a 1996 , O'Donnell et al. 2009 , Elliott et al. 2010 Fusarium oxysporum f. lycopersici Mes et al. 1998 , Katan 2010 , See review by Takken & Rep (Sacc.) W.C. Snyder & H.N. Hansen, 1999 , Katan & Di Primo 2010 , Chakrabarti et al. 2011 , Poli et al. 2012 , Amer. J. Bot. 27: 66. 1940 , Cai et al. 2003 Thatcher et al. 2012 , Baysal et al. 2013 , Bennett et al. 2013 , Covey et al. 2014 , Gawehns et al. 2014 , Mirtalebi & Banihashemi 2014 , Bertoldo et al. 2015 , Hansen et al. 2015 , Nirmaladevi et al. 2016 , Taylor et al. 2016 , Bilju et al. 2017 , Jelinski et al. 2017 Kistler et al. 1987 , Mbofung et al. 2007 , O'Donnell 1998 , Katan 1999 , Srinivasan et al. 2010 , Poli et al. 2012 medicaginis
Weimer 1928
Fusarium oxysporum var. medicaginis Snyder & Hansen 1940 , Gordon Puhalla 1985 , Correll et al. Mbofung et al. 2007 , O'Donnell et al. 2009 , Srinivasan Weimer, J. Agric. Res. 37: 425. 1928 1965 , Armstrong & Armstrong 1987 , Molnár et al. 1990 , Poli et al. 2012 , Mirtalebi & Banihashemi Fusarium oxysporum f. medicaginis 1968 , 1981 , Booth 1971 , Katan 2014 W.C. Snyder & H.N. Hansen, Summerell et al. 2010 Czislowski et al. 2017 Amer. J. Bot. 27: 66. 1940 melongenae Matuo & Ishigami 1958 Gordon 1965 , Armstrong & Hadar et al. 1989 , Kistler Crowhurst et al. 1995 , Kim et al. 2001 , Hirano & Arie Armstrong 1968 , Booth 1971 , Katan 1999 , O'Donnell et al. 2009 , Altinok & Can 2010 , 1981 Katan & Di Primo 1999 , Baysal et al. 2010 , Bennett et al. 2013 , Poli et al. Altinok & Can 2010 , Altinok 2013 , Bertoldo et al. 2015 , Dong et al. 2017 Correll et al. 1987 , Jacobson & Gordon 1990b , Kim et al. 1993 , Snyder & Hansen 1940 Leach & Curr., Minnisota Agric. Exp.
1965, Armstrong & Armstrong 1976 , Armstrong & Armstrong 1978b , Jacobson & Gordon 1988 , Crowhurst et al. 1995 , Sta. Tech. Bull. 129: 1-32. 1938 1968 , 1981 , Booth 1971 , Gerlagh & Blok 1988 , Katan et al. 1994 , 1990a , Hadar et al. 1989 , Gherbawy 1999 , Skovgaard et al. 2001 , Mbofung et Summerell et al. 2010 Luongo et al. 2014 , Mirtalebi & Correll 1991 , Katan et al. al. 2007 , Hirano & Arie 2009 , Lievens et al. 2009b , Banihashemi 2014 , Sebastiani et 1994 , O'Donnell et al. 2009 , Lin et al. 2010 , Bennett et al. al. 2017 Katan 1999 , Katan & Di 2013 , Poli et al. 2013 , Covey et al. 2014 , Gawehns Primo 1999 , Mirtalebi & et al. 2014 , Luongo et al. 2014 , Ma et al. 2014 , Mirtalebi Banihashemi 2014 & Banihashemi 2014 , Bertoldo et al. 2015 , Hansen et al. 2015 , Pinaria et al. 2015 , Taylor et al. 2016 , Sebastiani et al. 2017 meniscoideum (var.) narcissi Wollenweber & Reinking 1935 , Snyder & Hansen 1940 , Gordon Linfield 1993 , Crowhurst et al. 1995 , O'Donnell et al. Snyder & Hansen 1940 1965 , Armstrong & Armstrong 2009 , Taylor et al. 2016 1968 , 1981 , Booth 1971 nelumbicola Fusarium niveum E.F. Sm., Bull.
Snyder & Hansen 1940 , Gordon Reid 1958 , Crall 1963 , Netzer 1976 , Puhalla 1985 , Correll et al. Kim et al. 1993 , Crowhurst et al. 1995 Armstrong & Armstrong 1978b , 1987 , Hadar et al. 1989 , Bogale et al. 2007 , Hirano & Arie 2009 , Fusarium bulbigenum var. niveum 1968 , 1981 , Booth 1971 , Martyn 1987 , Gerlagh & Blok 1988 , Larkin et al. 1988 , O'Donnell et al. 2009 , Lin et al. 2010 (E.F. Sm.) Wollenw., Die Fusarien:
Martyn & Bruton 1989, Larkin et al. Correll 1991 , Kistler et al. al. 2011 , Poli et al. 2013 , Gawehns et al. 2014 , Mirtalebi 117. 1935 , Zhou et al. 2010 , Katan 1999 , Katan & Banihashemi 2014 , Bertoldo et al. 2015 Armstrong 1968 , 1981 , Ortu et al. 2013 , Pinaria et al. 2015 , Booth 1971 Koyyappurath et al. 2016 , Bertetti et al. 2017 orthoceras Bilaǐ 1955 oxysporum (var.) Von Schlechtendahl 1824
Gerlach & Nirenberg 1982
palmarum Elliott et al. 2010 O'Donnell et al. 2009 , Elliott et al. 2010 , 2017 , Giesbrecht et al. 2013 Bogale et al. 2007 , Lievens et al. strong 1968 , 1981 , Booth 1971 , 2009b , O'Donnell et al. 2009 , Chakrabarti et al. 2011 Dos Santos Silva et al. 2013 , Gawehns et al. 2014 , Pinaria et al. 2015 , Koyyappurath et al. 2016 , Czislowski et al. 2017 perillae Kim et al. 2002 perniciosum Woo et al. 1996 , Kistler Woo et al. 1996 , Cramer et al. 2003 , Zanotti et al. strong 1968 , 1981 , Booth 1971 , Salgado & Schwartz 1993 , Katan 1999 , Alves-Santos et al. 2002b , Bogale et al. 2007 Woo et al. 1996 , Alves-Santos et al. Katan & Di Primo 1999 , Mbofung et al. 2007 , Hirano & Arie 2009 , O'Donnell 2002a , Cramer et al. 2003 , Henrique Alves-Santos et al. 2002a , De Vega-Bartol et al. 2011 , Baysal et al. et al. 2015 , Poli et al. 2013 , Mirtalebi & Banihashemi 2014 , Da Silva et al. 2014 , Bertoldo et al. 2015 pisi Van Hall 1903 , Snyder & Hansen 1940 Fusarium vasinfectum var. pisi C.J.J.
Snyder & Hansen 1940 , Gordon Snyder & Walker 1935 , Snyder & Puhalla 1985 , Correll et al. Coddington et al. 1987 , Kistler et al. 1991 , Whitehead Hall, Ber. Deutsch. Bot. Ges. 21: 4. 1903 1965 , Armstrong & Armstrong Hansen 1940 , Schreuder 1951 , 1987 , Correll 1991 , White-et al. 1992 , Grajal-Martin et al. 1993 , Gherbawy 1999 Mishra et al. 2013a , b, c, 2014 strong 1968 , 1981 , Booth 1971 pyracanthae
Armstrong & Armstrong 1968 , 1981 querci Gordon 1965 Gordon 1965 , Armstrong & Armstrong 1968 , 1981 , Booth 1971 Table 1 (cont.) Summerell et al. Puhalla 1985 , Correll et al. Kim et al. 2001 , Skovgaard et al. 2001 , Balmas et al. 1987 , Katan et al. 1991 , Hirano & Arie 2006 , Bogale et al. 2007 , Katan Hibar et al. 2007 , O'Donnell et al. 2009 , Huang et al. 1999 , Katan & Di Primo 2013 , Poli et al. 2013 , Covey et al. 2014 , Mirtalebi & 1999 , Rosewich et al. Banihashemi 2014 , Bertoldo et al. 2015 , Taylor 1999 , Di Primo et al. 2001 Kistler et al. 1991 , Kim et al. Armstrong 1968 , 1981 , Booth Kistler et al. 1998 , Katan 2001 , Bogale et al. 2007 , Hirano & Arie 2009 , O'Donnell 1971 1999, Katan & Di Primo et al. 2009 , Lin et al. 2010 , Srinivasan et al. 2010 Poli et al. 2012 , Covey et al. 2014 , Bertoldo et al. 2015 , Taylor et al. 2016 1968 , 1981 , Booth 1971 , 1985 , Smith et al. 1999 Katan & Di Primo 1999 , Bennett et al. 2013 , Poli et al. 2013 , Bertoldo (Berlin) 3: 413. 1931 Summerell et al. 2010 Bao et al. 2002 , Koyyappurath et al. 2016 Fusarium oxysporum f. tracheiphilum Fusarium vasinfectum G.F. Atk., Snyder & Hansen 1940 , Gordon Armstrong & Armstrong 1958a , 1960 , Puhalla 1985 , Correll et al. Assigbetse et al. 1994 Bulletin of the Alabama Agricultural 1965, Armstrong & Armstrong 1978a , Ibrahim 1966 , Kappelman 1987 , Katan & Katan 1988 , Crowhurst et al. 1995 , Moricca et al. 1998 , Skovgaard Experiment Station: 28. 1892 1968 , 1981 , Booth 1971 , Chen et al. 1985 , Assigbetse Hadar et al. 1989 , Correll et al. 2001 , Smith et al. 2001 , Abd-Elsalam et al. 2002 Fusarium oxysporum f. vasinfectum Summerell et al. 2010 , 1991 , Fernandez et al. 2004 , Abo et al. 2005 , Kim et al. 2005 , 2017 , Nirenberg et al. 1994 , Skovgaard et 1994 , Davis et al. 1996 , McFadden et al. 2006 , Wang et al. 2006 , Amer. J. Bot. 27: 66. 1940 , Kim et al. 2005 , Holmes et al. Kistler et al. 1998 , Katan Mbofung et al. 2007 , Zambounis et al. 2007 , Bennett 2009 , Guo et al. 2015 1999, Katan & Di Primo et al. 2008 , Holmes et al. 2009 , O'Donnell et 1999 , Abo et al. 2005 , Elliot et al. 2010 , Chakrabarti et al. 2011 , Wang et al. 2010 Egamberdiev et al. 2013 , 2014 , Da Silva et al. 2014 , Covey et al. 2014 , Doan et al. 2014 , Cianchetta et al. 2015 , Guo et al. 2015 , Pinaria et al. 2015 , Crutcher et al. 2016 , Taylor et al. 2016 Katan & Di Primo 1999 Crowhurst et al. 1995 , O'Donnell et al. 2009 , Pappalardo et al. 2009 , Chakrabarti et al. 2011 , Gupta et al. 2014 , Czislowski et al. 2017 naming of the multiple cryptic species recognised in this species complex, Fusarium isolates were collected from the type locality in Berlin, Germany, and the type substrate, Solanum tuberosum. Using molecular phylogenetic and morphological tools, an epitype is designated for F. oxysporum in the present study based on these collections.
MATERIALS AND METHODS

Isolates
Tubers of S. tuberosum (potato), displaying symptoms of dry rot, were collected from several vegetable gardens in Berlin, Germany. Potato tubers were placed individually in paper bags, stored at 4 °C until transported to the laboratory for further processing. After surface-sterilisation of the potato tubers using a 10 % (v/v) sodium hypochlorite solution, pieces of symptomatic tissue were removed from the leading edges of the rot lesions and plated onto 2 % (w/v) potato dextrose agar (PDA) amended with 100 µg/mL penicillin and 100 µg/ mL streptomycin, and peptone pentachloronitrobenzene agar (PCNB; Nash & Snyder 1962 ) and incubated at 25 °C in the dark. Axenic cultures were prepared on PDA from characteristic Fusarium colonies. Additional strains, previously identified as F. oxysporum, were obtained from the culture collection (CBS) of the Westerdijk Fungal Biodiversity Institute (WFBI), Utrecht, the Netherlands, and the working collection of Pedro W. Crous (CPC) housed at WFBI (Table 2) .
DNA isolation, PCR and sequencing
Total genomic DNA was extracted from isolates grown for 7 d on PDA at 24 °C using a 12/12 h photoperiod using the Wizard® Genomic DNA purification Kit (Promega Corporation, Madison, WI, USA), according to the manufacturer's instructions. Partial gene sequences were determined for the β-tubulin (tub2), calmodulin (cmdA), the intergenic spacer region of the rDNA (IGS), RNA polymerase II second largest subunit (rpb2) and translation elongation factor 1-alpha (tef1), using PCR protocols described elsewhere (O'Donnell et al. 1998 , Lombard et al. 2015 . Primer pairs T1/CYLTUB1R (O'Donnell & Cigelnik 1997 , Crous et al. 2004 ) for tub2, Cal228F/CAL2Rd (Carbone & Kohn 1999 , Groenewald et al. 2013 for cmdA, iNL11/iCNS1 and the internal sequencing primers NLa/CNSa (O'Donnell et al. 2009 ) for IGS, 5f2/7cr (Liu et al. 1999 , Sung et al. 2007 ) for rpb2, and EF1/EF2 (O'Donnell et al. 1998 ) for tef1, were used for amplifications of the respective gene regions. Integrity of the sequences was ensured by sequencing the amplicons in both directions using the same primer pairs as were used for amplification. Consensus sequences for each locus were assembled in MEGA v. 7 (Kumar et al. 2016) , with the exception of the IGS locus, which was assembled in Geneious R11 (Kearse et al. 2012 ). All sequences generated in this study were deposited in GenBank (Table 1) .
Phylogenetic analyses
Sequences of the individual loci were aligned using MAFFT v. 7.110 (Katoh et al. 2017 ) and manually corrected where necessary. The individual gene datasets were assessed for incongruency prior to concatenation using a 70 % reciprocal bootstrap criterion (Mason-Gamer & Kellogg 1996) . Three independent phylogenetic algorithms, Maximum Parsimony (MP), Maximum Likelihood (ML) and Bayesian inference (BI), were employed for phylogenetic analyses. Phylogenetic analyses were conducted for the individual loci and then as a multilocus sequence dataset that included the cmdA, rpb2, tef1 and tub2 sequences.
For BI and ML, the best evolutionary models for each locus were determined using MrModeltest (Nylander 2004) and in corporated into the analyses. MrBayes v. 3.2.1 (Ronquist & Huelsenbeck 2003) was used for BI to generate phylogenetic trees under optimal criteria for each locus. A Markov Chain Monte Carlo (MCMC) algorithm of four chains was initiated in parallel from a random tree topology with the heating parameter set at 0.3. The MCMC analysis lasted until the average standard deviation of split frequencies was below 0.01 with trees saved every 1 000 generations. The first 25 % of saved trees were discarded as the 'burn-in' phase and posterior probabilities (PP) were determined from the remaining trees.
The ML analyses were performed using RAxML v. 8.2.9 (randomised accelerated (sic) maximum likelihood for high performance computing; Stamatakis 2014) through the CIPRES website (http://www.phylo.org) to obtain another measure of branch support. The robustness of the analysis was evaluated by bootstrap support (BS) with the number of bootstrap replicates automatically determined by the software. For MP, analyses were done using PAUP (Phylogenetic Analysis Using Parsimony, v. 4.0b10; Swofford 2003) with phylogenetic relationships estimated by heuristic searches with 1 000 random addition sequences. Tree-bisection-reconnection was used, with branch swapping option set on 'best trees' only. All characters were weighted equally and alignment gaps treated as fifth state. Measures calculated for parsimony included tree length (TL), consistency index (CI), retention index (RI) and rescaled consistence index (RC). Bootstrap (BS) analyses (Hillis & Bull 1993) were based on 1 000 replications. Alignments and phylogenetic trees derived from this study were uploaded to TreeBASE (www.treebase.org).
Genealogical concordance phylogenetic species recognition (GCPSR)
In order to establish the recombination levels between the newly proposed species in this study and their closest phylogenetic relatives, pairwise homoplasy index (PHI) analyses were done on the respective concatenated multilocus datasets (Bruen et al. 2006) . The analyses were conducted as described by Quaedvlieg et al. (2014) using SplitsTree v. 4.14.4 (Huson & Bryant 2006) . Therefore, a PHI value below 0.05 (f W < 0.05) would indicate the presence of significant recombination in the dataset. Split graphs were constructed for visualization of the relationships between closely related species.
Morphological characterisation
All isolates were characterised following the protocols described by Leslie & Summerell (2006) using potato dextrose agar (PDA; recipe in Crous et al. 2009 ), synthetic nutrient-poor agar (SNA; Nirenberg 1976) and carnation leaf agar (CLA; Fisher et al. 1982) . Colony morphology, pigmentation, odour and growth rates were evaluated on PDA after 3 and 7 d at 24 °C with a 12/12 h cool fluorescent light/dark cycle as described by Sandoval-Denis et al. (2018) and using the colour charts of Rayner (1970) . Micromorphological characters were examined using water as mounting medium on a Zeiss Axioskop 2 plus with Differential Interference Contrast (DIC) optics and a Nikon AZ100 stereomicroscope both fitted with Nikon DS-Ri2 high definition colour digital cameras to photo-document fungal structures. Measurements were taken using the Nikon software NIS-elements D v. 4.50 and the 95 % confidence levels were determined for the conidial measurements with extremes given in parentheses. For all other fungal structures examined, only the extremes are presented. To facilitate the comparison of relevant micro-and macroconidial features, composite photo plates were assembled from separate photographs using PhotoShop CSS. 
RESULTS
Isolates
A total of 23 fusarium-like isolates were obtained from the symptomatic tissues of the potato tubers. Of these, six isolates displayed typical F. oxysporum-like phenotypes, of which two (CBS 144134 and CBS 144135) were selected for further study.
Phylogenetic analyses
Approximately 500 -650 bases were determined for cmdA, tef1 and tub2, 880 bases for rpb2 and 2 650 bases for IGS. Sequence comparisons of the IGS, rpb2 and tef1 gene regions generated in this study, against those in the Fusarium-ID (http:// isolate.fusariumdb.org/blast.php) and Fusarium-MLST (http:// www.westerdijkinstitute.nl/fusarium/) databases revealed that all isolates included in this study belonged to the FOSC. The congruency analysis revealed no conflict between the cmdA, rpb2, tef1 and tub2 sequence datasets and were therefore combined. However, the IGS sequence dataset revealed major conflict with several included taxa resolving into single lineages due to the large number of ambiguous regions in this gene region. Therefore, the IGS sequences were excluded from further analyses.
For the BI and ML analyses, a K80 model for cmdA, an HKY+ G+I model for rpb2, an HKY+G for tef1 and SYM+I+G model for tub2 were selected and incorporated into the analyses. The ML tree topology confirmed the tree topologies obtained from the BI and MP analyses, and therefore, only the ML tree is presented.
The combined four loci sequence dataset included 89 ingroup taxa with F. foetens (CBS 120665) and F. udum (CBS 177.31) as outgroup taxa. The dataset consisted of 2 679 characters including gaps. Of these characters, 2 291 were constant, 211 parsimony-uninformative and 177 parsimony-informative. The BI lasted for 1.2 M generations, and the consensus tree and posterior probabilities (PP) were calculated from 8 814 trees left after 2 937 were discarded as the 'burn-in' phase. The MP analysis yielded 1 000 trees (TL = 574; CI = 0.747; RI = 0.858; RC = 0.641) and a single best ML tree with -InL = 7353.014512 (Fig. 1 ).
In the phylogenetic tree ( Fig. 1) The PHI tests revealed that no evidence of recombination (f W = 0.43; Fig. 2a ) was detected between each Clade (I-VIII) and their underlining subclades. Similarly, the genealogical exclusivity of the subclades in Clades III (f W = 0.43; Fig. 2b ) and VII (f W = 1.0; Fig. 2d ), as well as between Clades IV-VIII (f W = 0.06; Fig. 2c ) was also confirmed. The basal subclade in Clade VIII (f W = 0.031; Fig. 2c ), however, showed significant evidence for recombination among all isolates included. Conidiophores carried on the aerial mycelium 60 -110 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thinwalled, 2 -23 × 3 -4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (6 -)7-11(-14) × 2 -3 µm (av. 9 × 3 µm); 1-septate conidia: (13 -)14 -18(-20) × 2 -4 µm (av. 16 × 3 µm). Sporodochia pale luteous to pale rosy vinaceous, formed abundantly on carnation leaves. Conidio phores in sporodochia verticillately branched and densely packed, consisting of a short, smooth-and thin-walled stipe, 4 -7 × 2 -4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 9 -13 × 3 -4 µm, smooth-and thinwalled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, 3 -4(-5)-septate, hyaline, smooth-and thin-walled; 3-septate conidia: (28-)33-39(-40) × 3-5 µm (av. 36 × 4 µm); 4-septate conidia: (30-)35-41(-42) × 3-5 µm (av. 38 × 4 µm); 5-septate conidia: 36 -44(-47) × 4 -5 µm (av. 40 × 5 µm). Chlamydo spores not observed.
Culture characteristics -Colonies on PDA with an average radial growth rate of 2.9 -4.2 mm/d at 24 °C. Colony surface white to pale vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse colourless, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, lacking chlamydospores, aerial mycelium sparse with moderate sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant pale luteous to pale rosy vinaceous sporodochia forming on the carnation leaves. 
F u sa ri u m cu g e n a n g e n se
Fu sa riu m ela eid is nov. -MycoBank MB826835; Fig. 4 Etymology. Name refers to the almost carmine exudates this fungus produces in its aerial mycelium when grown on PDA.
Typus. south africa, KwaZulu-Natal Province, from Zea mays, 2008, S.C. Lamprecht (holotype CBS H-23609 designated here, culture ex-type CBS 144738 = CPC 25800).
Conidiophores carried on the aerial mycelium 35 -55 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily phialides, often reduced to single phialides; aerial phialides mono-and polyphialidic, subulate to subcylindrical, smooth-and thin-walled, 8 -18 × 3 -4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (5 -)7-11(-12) × 2-3(-4) µm (av. 9 × 3 µm); 1-septate conidia: (12-)13-15(-18) × 2 -4 µm (av. 14 × 3 µm). Sporodochia bright orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smooth-and thin-walled stipe, 4 -9 × 2 -4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 5 -13 × 2 -4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (2-)3-4(-5)-septate, hyaline, smooth-and thin-walled; 2-septate conidia: 16 -19 × Culture characteristics -Colonies on PDA with an average radial growth rate of 3.1-4.0 mm/d at 24 °C. Colony surface vinaceous purple to livid purple, floccose with abundant aerial mycelium which produce an almost carmine exudate; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse dark livid to livid purple, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, with abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant bright orange sporodochia forming on the carnation leaves. Notes -Fusarium carminascens formed a well-supported subclade in Clade III, closely related to F. fabacearum and F. glycines. This species produced an almost carmine coloured exudate in its aerial mycelium, a feature not observed in any of the other strains studied here. Furthermore, F. carminascens produces polyphialidic conidiogenous cells on its aerial mycelium, not observed in F. fabacearum or F. glycines. Etymology. Name refers to the fact that this fungus was isolated from contaminated food products. Conidiophores carried on the aerial mycelium 15 -85 µm tall, unbranched or branched, bearing a single terminal or a whorl of 2 -4 monophialides or intercalarily monophialides, often reduced to single phia lides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 7-22 × 2 -5 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: 5 -9(-11) × 2 -4 µm (av. 7 × 3 µm); 1-septate conidia: (9 -)10 -14(-17) × 2 -4 µm (av. 12 × 3 µm). Sporodochia bright orange, formed sparsely on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smooth-and thin-walled stipe, 7-13 × 4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 4-9 × 2-3 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (2-)3-septate, hyaline, smooth-and thin-walled; 2-septate conidia: (14-)15-17 × 3-4 µm (av. 16 × 3 µm); 3-septate conidia: (18-)20-26(-28) × 3-5 µm (av. 23 × 4 µm). Chlamydospores not observed.
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.1-4.5 mm/d at 24 °C. Colony surface white to pale vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse rosy vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, lacking chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant orange sporodochia forming on the carnation leaves. Notes -Fusarium contaminatum formed a highly-supported subclade in Clade VII, closely related to F. pharetrum and F. veterinarium. This species produces small, 2 -3-septate macroconidia, whereas F. pharetrum produces much larger, 3(-4)-septate macroconidia and F. veterinarium produces slightly smaller, 1-(2 -)3-septate macroconidia. None of these three species produced any chlamydospores on SNA.
Fusarium curvatum L. Lombard & Crous, sp. nov. -MycoBank MB826837; Fig. 6 Etymology. Name refers to the strongly curved sporodochial conidia produced by this fungus. Conidiophores carried on the aerial mycelium 25 -56 µm tall, unbranched or sparingly branched, bearing terminal or interca- larily phialides, often reduced to single phialides or as phialidic pegs; aerial phialides mono-and polyphialidic, subulate to subcylindrical, smooth-and thin-walled, 3-30 × 2-5 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (4 -)5 -9(-11) × 2 -4 µm (av. 7 × 3 µm); 1-septate conidia: (10 -)11-13 × 2 -4 µm (av. 12 × 3 µm). Sporodochia orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smooth-and thin-walled stipe, 8-10 × 2-4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 8-22 × 2-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, strongly curved or curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (2 -)3 -5-septate, hyaline, smooth-and thin-walled; 2-septate conidia: (15-)16-22(-23) × 3-4 µm (av. 19 × 3 µm); Chlamydospores not observed.
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.1-4.5 mm/d at 24 °C. Colony surface pale vinaceous to rosy vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse pale vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, lacking chlamydo spores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant orange sporodochia forming on the carnation leaves. Conidiophores carried on the aerial mycelium 25 -65 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily phialides, often reduced to single phialides or as phialidic pegs; aerial phialides mono-and polyphialidic, subulate to subcylindrical, smooth-and thin-walled, 3 -14 × 3 -4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: 6 -10(-13) × 2 -3 µm (av. 8 × 3 µm); 1-septate conidia: (9 -)11-15(-17) × 2 -4(-5) µm (av. 13 × 3 µm). Sporodochia pale rosy vinaceous to orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 3 -9 × 2 -3 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 8 -12 × 2-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3 -5-septate, hyaline, smooth-and thin-walled; 1-septate conidia: (14- Culture characteristics -Colonies on PDA with an average radial growth rate of 2.6 -3.4 mm/d at 24 °C. Colony surface pale rosy vinaceous grey, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse pale rosy vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, lacking chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant pale rosy vinaceous to orange sporodochia forming on the carnation leaves. -MycoBank MB826839; Fig. 8 Etymology. Name refers to the plant family, Fabaceae, which includes the plant host Glycine max from which this fungus was first isolated.
Typus. south africa, North West Province, from Glycine max, 2010, S.C. Lamprecht (holotype CBS H-23613 designated here, culture ex-type CBS 144743 = CPC 25802).
Conidiophores carried on the aerial mycelium 25 -50 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 11-15 × 3-4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0-1-septate; 0-septate conidia: (4-)5-9(-13) × 2-3 µm (av. 7 × Fig. 8 Fusarium fabacearum (ex-type culture CBS 144743). a -b. Colony on PDA; a. surface of colony on PDA after 7 d at 24 °C under continuous white light; b. reverse of colony on PDA; c. conidiophores on surface of carnation leaf; d. sporodochia on carnation leaves; e. false head carried on a phialide on aerial mycelium; f-h. conidiophores and phialides on aerial mycelium; i -k. sporodochia and sporodochial conidiophores; l. chlamydospore; m. aerial conidia (microconidia); n. sporodochial conidia (macroconidia). -Scale bars: e -h, k -n = 10 µm; i -j = 50 µm.
3 µm); 1-septate conidia: (12 -)13 -15(-16) × 3 -4 µm (av. 14 × 3 µm). Sporodochia pale luteous to orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 4-7 × 3 µm, bearing apical whorls of 2-3 monophialides or rarely as single lateral monophialides; sporo dochial phialides subulate to subcylindrical, 7-10 × 2 -4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3-4(-5)-septate, hyaline, smooth-and thin-walled; 1-septate conidia: (15- Etymology. Name refers to the plant genus Glycine from which this fungus was isolated.
Typus. south africa, North West Province, from Glycine max, 2010, S.C. Lamprecht (holotype CBS H-23614 designated here, culture ex-type CBS 144746 = CPC 25808). reverse of colony on PDA; c -d. conidiophores on surface of carnation leaf; e -f. sporodochia on carnation leaves; g -i. conidiophores and phialides on aerial mycelium; j-k. sporodochia and sporodochial conidiophores; l. chlamydospore; m. aerial conidia (microconidia); n. sporodochial conidia (macroconidia). -Scale bars: g -i, l -n = 10 µm; j -k = 50 µm.
Conidiophores carried on the aerial mycelium 5 -45 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 15-25 × 2-4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: 7-11(-13) × 3 -4 µm (av. 9 × 3 µm); 1-septate conidia: (13 -)14 -16(-18) × 3 -4 µm (av. 15 × 3 µm). Sporodochia bright orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smooth-and thinwalled stipe, 4 -9 × 2 -4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 12 -14 × 2 -5 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3 -5-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 20 -25 × 3 -4 µm (av. 23 × 3 µm); 3-septate conidia: 37-43(-48) × 4 -5 µm (av. 38 × 4 µm); 4-septate conidia: 44 -46(-51) × 4 -5 µm (av. 42 × 4 µm); 5-septate conidia: 43-49(-52) × 4-5 µm (av. 46 × 4 µm). Chlamydospores globose to subglobose, formed terminally, 4 -8 µm diam.
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.0 -4.4 mm/d at 24 °C. Colony surface vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, with abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant bright orange sporodochia forming on the carnation leaves. Fig. 10 Etymology. Name refers to the plant genus Gossypium from which this fungus was isolated.
Typus. ivory coast, Bouaké, wilted Gossypium hirsutum, Sept. 1995, K. Abo (holotype CBS H-23615 designated here, culture ex-type CBS 116613).
Conidiophores carried on the aerial mycelium 35-75 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phial ides subulate to subcylindrical, smooth-and thin-walled, 3 -30 × 2-4 µm, periclinal thickening inconspicuous or absent. Micro conidia forming small false heads on the tips of the phia lides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0-1-septate; 0-septate conidia: (5 -)6 -8(-11) × 2 -4 µm (av. 7 × 3 µm); 1-septate conidia: (11-)12 -14(-15) × 2 -4 µm (av. 15 × 3 µm). Macroconidia also formed by phialides on aerial mycelium, falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 16 -18 × 3 µm (av. 17 × 3 µm); 2-septate conidia: 21-23 × 3 -4 µm (av. 22 × 3 µm); 3-septate conidia: (24 -)27-35(-38) × 3 -4 µm (av. 31 × 4 µm). Sporodochia absent. Chlamydospores not observed.
Culture characteristics -Colonies on PDA with an average radial growth rate of 1.6 -2.8 mm/d at 24 °C. Colony surface white to pale rosy vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse pale rosy vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, lacking chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse lacking sporodochia on the carnation leaves.
Additional materials examined. ivory coast, Bouaké, wilted Gossypium hirsutum, Sept. 1995, K. Abo, CBS 116611 and CBS 116612. Notes -Fusarium gossypinum formed a unique highlysupported subclade in Clade III. This species failed to produce any sporodochia on the carnation leaf pieces, but still produced abundant 3-septate macroconidia on the aerial mycelium. Other species included in Clade III, all readily produced sporodochia on carnation leaves. Fusarium hoodiae L. Lombard, Crous & Lampr., sp. nov. -MycoBank MB826842; Fig. 11 Etymology. Name refers to the plant genus Hoodia from which this fungus was isolated. Conidiophores carried on the aerial mycelium 40 -60 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 15-24 × 2-3 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (5 -)6 -10(-16) × 2 -4 µm (av. 8 × 3 µm); 1-septate conidia: (11-)12 -16(-17) × 3 -4 µm (av. 14 × 3 µm). Sporodochia pale vinaceous to light orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smooth-and thin-walled stipe, 7-11 × 3 -5 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 7-13 × 2-5 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3(-4)-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 20 -33 × 3 -5 µm (av. 25 × 4 µm); 3-septate conidia: (20-)27-39(-45) × 3 -5 µm (av. 33 × 4 µm); 4-septate conidia: (35 -)36 -46(-51) × 4-5 µm (av. 41 × 5 µm). Chlamydospores globose to subglobose, formed terminally, 4-11 µm diam.
Typus
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.1-4.5 mm/d at 24 °C. Colony surface pale vinaceous grey to livid vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse livid purple to pale vinaceous grey, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, with abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant pale vinaceous to light orange sporodochia forming on the carnation leaves. Notes -Fusarium hoodiae formed a weakly supported clade constituting Clade IV in this phylogenetic study. All three isolates studied here, produced pale vinaceous to pale orange sporodochia on the carnation leaf pieces, unique for all the isolates studied.
Fusarium languescens L. Lombard & Crous, sp. nov. -MycoBank MB826843; Fig. 12 Etymology. Name refers to the wilting symptoms associated with infections of this fungus.
Typus. morocco, Solanum lycopersicum, date and collector unknown (holotype CBS H-23617 designated here, culture ex-type CBS 645.78 = NRRL 36531).
Conidiophores carried on the aerial mycelium 25 -30 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thinwalled, 7-22 × 2 -4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thinwalled, 0 -1-septate; 0-septate conidia: (4 -)5 -9(-12) × 2-3 µm (av. 7 × 3 µm); 1-septate conidia: (9 -)11-15 × 2 -4 µm (av. 13 × 3 µm). Sporodochia light orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 5 -10 × 3 -4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 10-14 × 2-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, 1-3(-5)-septate, hyaline, smoothand thin-walled; 1-septate conidia: (15-)18-23(-30) × 3 -4 µm (av. 20 × 3 µm); 2-septate conidia: (14 -)16 -22(-24) × 4 µm (av. 19 × 3 µm); 3-septate conidia: (22 -)26 -38(-47) × 3-5 µm (av. 32 × 4 µm); 5-septate conidia: 32 -40 × 4 -5 µm (av. 36 × 5 µm). Chlamydospores globose to subglobose, formed terminally, 6-9 µm diam.
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.1-4.5 mm/d at 24 °C. Colony surface flesh to rosy vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse pale luteous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, with abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant light orange sporodochia forming on the carnation leaves. Notes -Fusarium languescens forms the highly-supported Clade VI, which mostly includes strains associated with tomato wilt. This species displays morphological overlap with several species treated here. Therefore, phylogenetic inference is needed to accurately identify this species.
Fusarium libertatis L. Lombard, Crous, sp. nov. -MycoBank MB826844; Fig. 13 Etymology. Name refers to 'freedom'. Fusarium libertatis was isolated from the rock surfaces in the stone quarry on Robben Island where the prisoners were forced to work. It is named in remembrance of all those who through the centuries were incarcerated on the Island for their different political beliefs. Conidiophores carried on the aerial mycelium 2 -30 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily phialides, often reduced to single phialides; aerial phialides mono-and polyphialidic, subulate to subcylindrical, smooth-and thin-walled, 8-13 × 2-4 µm, sometimes proliferating percurrently, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (6 -)7-9(-11) × 2 -4 µm (av. 8 × 3 µm); 1-septate conidia: (11-)12 -14(-15) × 2 -4 µm (av. 13 × 3 µm). Sporodochia bright orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 4 -8 × 3 -4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 6 -12 × 2-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, 1-3-septate, hyaline, smooth-and thin-walled; 1-septate conidia: (15-)17-21(-23) × 2-4 µm (av. 19 × 3 µm); 2-septate conidia: (18-)20-24(-25) × 2-3(-4) µm (av. 22 × 4 µm); 3-septate conidia: (24-)30-38(-40) × (2-)3-5 µm (av. 34 × 4 µm). Chlamydospores globose to subglobose, formed terminally and intercalarily, carried singly, 5-9 µm diam.
Culture characteristics -Colonies on PDA with an average radial growth rate of 2.3 -4.4 mm/d at 24 °C. Colony surface vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, with abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant bright orange sporodochia forming on the carnation leaves. Conidiophores carried on the aerial mycelium 18 -50 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 8-24 × 2-4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (5 -)6 -10(-11) × 2 -4 µm (av. 8 × 3 µm); 1-septate conidia: (9 -)10 -14(-15) × 2 -4 µm (av. 12 × 3 µm). Sporodochia bright orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 6 -14 × 3 -5 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 8 -18 × 2-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, 1-5-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 15 -29(-34 Culture characteristics -Colonies on PDA with an average radial growth rate of 2.9 -4.2 mm/d at 24 °C. Colony surface pale vinaceous to vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse pale vinaceous grey to greyish lilac, lacking diffusible pigment. On SNA, hyphae hyaline, smoothwalled, with abundant chlamydospores, aerial mycelium sparse with moderate sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant bright orange sporodochia forming on the carnation leaves. Conidiophores carried on the aerial mycelium 15 -75 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 11-40 × 2-4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (4 -)6 -10(-11) × 2 -4 µm (av. 8 × 3 µm); 1-septate conidia: 13 -15(-16) × 2 -4 µm (av. 14 × 3 µm). Sporodochia bright orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 4 -10 × 4 -5 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 8 -13 × 3-5 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3(-5)-septate, hyaline, smoothand thin-walled; 1-septate conidia: (21-)22 -26 × 4 -5 µm (av. 24 × 4 µm); 2-septate conidia: 20 -26(-27) × 4 -5 µm (av. 23 × 4 µm); 3-septate conidia: (22 -)25 -29(-31) × 4 -5 µm (av. 27 × 4 µm); 4-septate conidia: (30 -)31-35 × 4 -5 µm (av. 33 × 5 µm); 5-septate conidia: 35 -38 × 5 -6 µm (av. 37 × 5 µm). Chlamydospores globose to subglobose, formed intercalarily or terminally, 5-10 µm diam.
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.0 -4.0 mm/d at 24 °C. Colony surface pale vinaceous, floccose with abundant aerial mycelium; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse vinaceous to rosy vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, producing abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant bright orange sporodochia forming on the carnation leaves. Etymology. Name refers to the practice of the Southern African indigenous San people of hollowing out the tubular branches of the host plant, Aloidendron dichotomum, to form quivers (Latin pharetra) for their arrows. Conidiophores carried on the aerial mycelium 20 -75 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 4-28 × 2-5 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: 5 -9(-13) × 2 -3 µm (av. 7 × 3 µm); 1-septate conidia: (10 -)12 -16(-18) × 2 -4 µm (av. 14 × 3 µm). Sporodochia rosy vinaceous to orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 5 -10 × 3 -5 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 7-13 × 3-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, 3(-4)-septate, hyaline, smooth-and thin-walled; 3-septate conidia: (22-)27-35(-39) × 3-5 µm (av. 31 × 4 µm); 4-septate conidia: (34-)36-40(-41) × 3-5 µm (av. 36 × 5 µm). Chlamydospores not observed. Conidiophores carried on the aerial mycelium 5 -40 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 6-22 × 2-4 µm, periclinal thickening inconspicuous or absent. Microconidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (5 -)6 -10(-13) × 1-3 µm (av. 8 × 3 µm); 1-septate conidia: (12 -)14 -16(-18) × 2 -4 µm (av. 15 × 3 µm). Macroconidia also formed by phialides on aerial mycelium, falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, (1-)3 (-5) with abundant chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse lacking sporodochia on the carnation leaves. Fig. 18 Etymology. Name refers to the fact that this fungus was isolated mostly from veterinary samples.
Typus. NetherlaNds, from shark peritoneum, date unknown, C. Hoek (holotype CBS H-23623 designated here, culture ex-type CBS 109898 = NRRL 36153).
Conidiophores carried on the aerial mycelium 12 -90 µm tall, unbranched or sparingly branched, bearing terminal or intercalarily monophialides, often reduced to single phialides; aerial phialides subulate to subcylindrical, smooth-and thin-walled, 8-24 × 2-4 µm, periclinal thickening inconspicuous or absent; aerial conidia forming small false heads on the tips of the phialides, hyaline, ellipsoidal to falcate, smooth-and thin-walled, 0 -1-septate; 0-septate conidia: (4 -)6 -8(-11) × 2 -4 µm (av. 7 × 3 µm); 1-septate conidia: (9 -)10 -14(-15) × 2 -4 µm (av. 12 × 3 µm). Sporodochia bright orange, formed abundantly on carnation leaves. Conidiophores in sporodochia verticillately branched and densely packed, consisting of a short, smoothand thin-walled stipe, 8 -13 × 3 -4 µm, bearing apical whorls of 2 -3 monophialides or rarely as single lateral monophialides; sporodochial phialides subulate to subcylindrical, 10-15 × 2-4 µm, smooth-and thin-walled, sometimes showing a reduced and flared collarette. Sporodochial conidia falcate, curved dorsiventrally with almost parallel sides tapering slightly towards both ends, with a blunt to papillate, curved apical cell and a blunt to foot-like basal cell, 1-(2 -)3-septate, hyaline, smooth-and thin-walled; 1-septate conidia: (12-)15-19(-20) × 3-4 µm (av. 17 × 3 µm); 2-septate conidia: (16-)17-21(-24) × 3-4 µm (av. 19 × 3 µm); 3-septate conidia: (19-)20-24(-27) × 3-4 µm (av. 22 × 3 µm). Chlamydospores not observed.
Culture characteristics -Colonies on PDA with an average radial growth rate of 3.1-4.5 mm/d at 24 °C. Colony surface pale vinaceous grey, floccose with moderate aerial mycelium appearing wet; colony margins irregular, lobate, serrate or filiform. Odour absent. Reverse pale vinaceous, lacking diffusible pigment. On SNA, hyphae hyaline, smooth-walled, lacking chlamydospores, aerial mycelium sparse with abundant sporulation on the medium surface. On CLA, aerial mycelium sparse with abundant orange sporodochia forming on the carnation leaves. 
DISCUSSION
Fusarium taxonomy and the underlying phylogenetic backbone on which it is based, is undergoing continuous revision. In modern day fungal taxonomy, phylogenetic inference plays a vital role to resolve the identity of cryptic species due to the paucity of morphological features. However, a key component of a robust phylogeny is the availability of living ex-type material to serve as basic reference point or 'phylogenetic anchor' on which comparative taxonomy can be based (Booth 1975) . Epi-and/or neotypification provides a vital means where upon stability can be enforced into a chaotic classification system as being applied to F. oxysporum today. Snyder & Hansen's (1940) treatment of the section Elegans to represent only F. oxysporum, has resulted in a much too broad definition of this species. Based on this, the current morphological characters used to define F. oxysporum include aseptate microconidia forming false heads on short monophialides, commonly 3-septate macroconidia formed on monophialides or branched conidiophores in sporodochia, and chlamydospores that are either formed abundantly and quickly or slowly with some strains not forming them at all (Leslie & Summerell 2006 , Fourie et al. 2011 . In this study, all isolates were found to produce not only aseptate microconidia, but abundant 1-septate microconidia, all of which were carried on false heads. Several species were also found to form polyphialides (e.g., F. carminascens, F. curvatum, F. elaeidis and F. libertatis), a characteristic not associated with F. oxysporum morphology (Gerlach & Nirenberg 1982 , Nelson et al. 1983 , Leslie & Summerell 2006 . Additionally, the majority of the species introduced here produced 4-to 5-septate macroconidia in the same abundance as the 3-septate macroconidia. Gerlach & Nirenberg (1982) also indicated the presence of 7-septate macroconidia, but these were not observed in this study given the media and growth conditions we employed. The ex-epitype strain of F. oxysporum designated here, agrees well with the morphological characteristics described by Wollenweber & Reinking (1935) , Booth (1971) , Gerlach & Nirenberg (1982) and Nelson et al. (1983) . This strain produced abundant aseptate and 1-septate microconidia on monophialides only, abundant 3-septate macroconidia with much fewer 1-, 2-, 4-and 5-septate macroconidia on its sporodochia, and smooth-walled globose chlamydospores carried intercalarily and/or terminally. Although this strain was isolated from a potato tuber displaying symptoms of dry rot, the ability of this strain to induce these symptoms requires further investigation. Comparisons of the 15 novel Fusarium taxa introduced here, revealed subtle morphological distinctions between the species.
Fusarium carminascens, F. curvatum, F. elaeidis and F. libertatis readily formed polyphialides on the aerial mycelium, a feature not known for F. oxysporum (Wollenweber & Reinking 1935 , Booth 1971 , Gerlach & Nirenberg 1982 , Nelson et al. 1983 , Leslie & Summerell 2006 . These four species are further distinguished from each other by the degree of septation and curvature of their macroconidia. Both F. carminascens and F. liber tatis readily formed chlamydospores in culture, whereas no chlamydospores were observed for F. curvatum and F. elaei dis. Furthermore, all strains of F. carminascens produced an almost carmine red exudate on the aerial mycelium on PDA, not observed for any other strains studied here. The strong curvature of the macroconidia of F. curvatum is also a unique feature.
The remaining 11 novel species introduced here can be distinguished based on the degree of septation and dimensions of the macroconidia and the formation of chlamydospores in culture. Of these, F. contaminatum, F. gossypinum, F. hoodiae, F. languescens, F. pharetrum, F. triseptatum and F. veterinarium displayed some morphological overlap with the ex-epitype strain of F. oxysporum. However, F. contaminatum, F. gossypinum, F. pharetrum and F. veterinarium did not form chlamydospores in culture. These four species are easily distinguished based on macroconidial dimensions with F. contaminatum and F. vete rinarium producing the smallest macroconidia. Fusarium hoo diae, F. languescens and F. triseptatum readily formed chlamydospores in culture and can be distinguished from each other and F. oxysporum based on their sporodochia. All strains of F. triseptatum failed to produce any sporodochia on the carnation leaf pieces, whereas F. hoodiae formed distinct pale vinaceous to pale orange sporodochia compared to the only pale orange sporodochia of F. languescens. Fusarium callistephi, F. fabacearum, F. glycines and F. nirenbergiae are easily distinguished from each other and F. oxysporum by the degree of macroconidial septation and dimensions. However, these subtle morphological differences need to be supported by phylogenetic inference to accurately discriminate between these novel species introduced in the FOSC in this study.
Individual analyses of the partial sequences of the four gene regions (cmdA, rpb2, tef1 and tub2) included in this study (results not shown) revealed that the tef1 gene region provided the best resolution to discriminate the novel species introduced here. The rpb2 gene region also provided good resolution, but with lower statistical support, whereas the cmdA and tub2 provided little to no support. However, the addition of the latter two gene regions to either or both the rpb2 and tef1 greatly increased the statistical support of each Clade (I-VIII) and their underlining subclades. Genealogical concordance phylogenetic species recognition analyses also indicated that there was no evidence of recombination detected between any of the Clades and subclades resolved in this study. Analysis of the IGS gene region (results not shown) provided contradictory tree topologies and support values, with several strains in Clades III, VII and VIII forming single lineages. Although O'Donnell et al. (2015) advocates the use of rpb1, rpb2 and tef1 for sequence-based identification of Fusarium species, attempts to generate rpb1 sequence data in this study failed for the majority of strains included in this study.
Previous studies of FOSC revealed a high phylogenetic diversity within this complex, resolving three (O'Donnell et al. 1998 , Brankovics et al. 2017 , four (O'Donnell et al. 2004 ) and five (Laurence et al. 2012 ) phylogenetic clades, respectively. Comparisons of all these clades with those resolved in this study, revealed that Clade I in this study correlates well with Clade 1 resolved by O'Donnell et al. (1998 O'Donnell et al. ( , 2004 , Laurence et al. (2012) and Brankovics et al. (2017) . Similarly, Clade VIII in this study matched with Clade 3 of each of these studies. Clade III correlated with Clade 2 resolved by O'Donnell et al. (2004) and Brankovics et al. (2017) , and Clade V correlated with clades 4 and 5 of Laurence et al. (2012) , and Clade 4 of O' Donnell et al. (2004) . Clades II, IV, VI and VII resolved in this study did not match any of the clades resolved in these previous studies.
Comparisons of the origin of the strains studied here revealed some correlation within most of the Clades (and subclades). All veterinarian strains included in this study clustered together with some strains originating from equipment used in food processing in a highly-supported subclade representing F. veterinarium. Similarly, three strains collected from contaminated dairy products and fruit juice clustered together in the highly-supported (sub)clade representing F. contaminatum. The majority of the isolates collected from tomato (Solanum lycopersicum) also cluster together in a clade representing F. languescens, with a few clustering in the F. nirenbergiae (sub)clade. In contrast to these few highlighted examples, all medically related strains clustered in various well-to highly supported clades, representing F. cugenangense, F. nirenbergiae, F. triseptatum and the untreated Fusarium clade. The highest host/substrate diversity was found in the F. nirenbergiae (sub)clade which included several special forms in addition to the medically related strains.
The application of the special form and pathotype classification system can only be successfully applied if the species boundaries are well established (Woudenberg et al. 2015) , which is clearly not the case within the FOSC. For the FOSC, special forms are defined by the accessory chromosome obtained via horizontal gene transfer, and the pathotype on the type of virulence genes carried by this chromosome and should not be confused with the species boundaries within the FOSC. Therefore, epitypification of F. oxysporum in this study has resulted in the recognition of 21 phylogenetic species of which 15 are provided with names here. Although this study includes only a small subset of strains belonging to the FOSC, the inclusion of more isolates will provide a much better perspective on the cryptic diversity within this important species complex, allowing additional species to be recognised. Furthermore, it is hoped that with the epitypification of F. oxysporum, the confusing and sometimes complicated subspecific classification systems that have been applied to the FOSC in the past will become obsolete and be replaced by a more stable and convenient species-level classification system. We believe that such a system will allow for better communication between Fusarium researchers in the medical, environmental and phytopathological fields.
